Sixty-two gilts were paired at breeding and assigned randomly to one of the following dietary treatments: (1) low P or (2) high P during gestation and lactation. Two sets of diets (A and B) were formulated; each set to provide a low (10 g) and high (15 g) daily P intake (equal Ca daily intake, 15 g) when fed at 1.82 and 2.27 kg daily, respectively for sets A and B. Females were fed 1.82 kg daily of set A diets during the first 11 wk of gestation, 2.27 kg daily of set B diets for the next 3 wk and 3.34 kg of the appropriate set B diets containing 20% wheat bran until farrowing, at which time the bran was gradually removed from set B diets and the feed level increased to 4 kg daily until weaning. The proportions of defluorinated phosphate and limestone were varied to provide the appropriate level of Ca and P (low and high). At approximately 5 wk before farrowing at each parity, up to 12 females from each group were used in Ca, P and N balance trials that lasted about 2 wk. Dietary P intake did not affect the apparent absorption and retention of N and Ca; 88% of the consumed N was absorbed and one-half of the absorbed was retained, and 37% of the Ca was absorbed and 94% of the t Dept. of Anim. Sei. 2 Blue Ridge Community College, Weyers Cave, VA 24-486.
Introduction
Confusion concerning the Ca and P needs of gestating-lactating sows continues with no clear consensus as to the proper levels to feed. The National Research Council (NRC)-suggested daily Ca requirement for gestating gilts and sows was reduced (15 to 13.5 g), while the daily P requirement was increased slightly (10 to 10.8 g) from 1973 to 1979 (NRC 1973 , 1979 . The majority of the studies conducted have reported no benefit in farrowing performance when higher Ca and P levels were fed (Kornegay et al., 1973; Harmon et al., 1974; Monegue et al., 1980; Nimmo et al., 1981a; 1463 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 6, 1983 Mahan and Fetter, 1982) . Improvements have been reported for number of sows completing a five-parity study (Kornegay et al., 1973) , farrowing rate (Monegue et al., 1980) , weaning weight (Noonan and Danielson, 1974; Monegue et al., 1980) , number of gilts completing the first parity (Nimmo et al., 1981b) and for number of pigs farrowed and weaned (Handlin et al., 1976) when either gilts or sows were fed higher Ca and P levels. Harmon et al. (1974 Harmon et al. ( , 1975 showed that inorganic P added to a basal corn-soybean meal lactation diet improved the digestibility and retention of P. Nimmo et al. (1981b) reported increased fecal and urinary P, but increased P retention during gestation when higher levels of Ca and P were fed. However, when similar Ca and P levels were fed during lactation, regardless of gestation treatment, fecal and urinary excretion and retention of Ca and P were similar.
The objectives of this study were to compare the reproductive performance and the N, Ca and P balances (5 wk before farrowing) of females kept in total confinement for five parities and fed low and high P intakes daily during gestation and lactation.
Experimental Procedure
Sixty-two Yorkshire x Hampshire crosses, Hampshire and Yorkshire gilts were paired at breeding according to ancestry and assigned randomly to the foUowing treatments: low or high P intake daily during gestation and lactation. Two sets of diets were formulated, each set to provide a low (10 g) and high (15 g) daily P intake when fed at 1.82 and 2.27 kg daily, respectively for sets A and B (table 1) . Both P diets in each set supplied 15 g Ca daily. A multiple farrowing system with three groups of six to 10 females on each treatment was used. Gilts were maintained on partially slatted concrete floors equipped with individual feeding stalls and nipple waterers. Females were fed 1.82 kg daily of set A diets during the first 11 wk of gestation. Approximately 5 wk before farrowing 12 females from each group (equal number from each P treatment) were used in a balance trial. At this time, these females and those remaining in each group were fed 2.27 kg daily of set B low and high P diets (table 1) .
Females for the balance trial were weighed and placed in stainless steel metabolism cages housed with temperature maintained at 18 C. All females were fed 1.135 kg of the appropriate diet (set B), twice daily and 10 liters of water during a 5-to 7-d preliminary period and a 5-d collection period. In order to reduce feed wastage, 500 ml of water were mixed with the diet at feeding. Urine was collected in large Nalgene jugs containing 100 ml of 25% H2 SO4 (v/v). Feed refusals and feces were collected aFed at a 1.82 kg daily level until 5 wk before farrowing. Calculated to contain: .77% Ca (15 g daily) for both diets; .55% P (10 g daily) and .77% P (15 g daily) for low P and high P diets, respectively. bFed at a 2.27 kg daily level, from 5 to 2 wk before farrowing and a 3.34 kg daily level until farrowing. Calculated to contain: .66% Ca (15 g daily) for both diets; .44% P (10 g daily) and .66% P (15 g daily) for low P and high P diets, respectively. daily, weighed and dried in a forced-air oven at 60 C. Feed refusals were adjusted to an air-dry basis and the amount subtracted from the total amount fed. Feces were first coarsely ground using a small hammer mill, to facilitate good mixing and then sampled. The feces was then ground through a Wiley mill equipped with a 1-mm screen. Urine for the 5-d collection was weighed, specific gravity determined and samples were frozen. Daily feed samples were composited and stored in sealed containers until analyzed. Feed and feces samples were wet ashed using concentrated nitric and perchloric acids. Calcium was determined using atomic absorption spectrophotometry. All P samples were determined by the method of Fiske and Subbarow (1925) . Urinary Ca was determined by atomic absorption spectrophotometry by diluting .2 ml of well mixed urine with 4.8 ml of .5% La203. Serum Ca, diluted in .5% La203, was determined on an atomic absorption spectrophotometer. Feed, feces and urine samples were analyzed for N by the Kjeldahl method (AOAC, 1970) . Hair samples were washed in Tween 80, dried, wet ashed and analyzed for Ca and P in the same manner as for feed and fecal samples. Data were analyzed as a 2 x 5 factorial arrangement of P level and parity using the statistical analysis system (SAS) as implemented by Barr and Goodnight (1972) .
Ingredients
After the balance trial was completed, females were removed from the cages, weighed and returned to the gestation building or placed in the farrowing house. The females were fed 3.34 kg of the appropriate diet (set B) containing 20% wheat bran ) until farrowing. After farrowing, the bran was removed over the period of a week and feed levels of appropriate diets (set B) were increased to 4 kg daily. At weaning, hair and blood samples were collected from each sow. The following criteria were used during the farrowing period: mating, conception and farrowing rates; number of pigs born alive, dead, mummies and total pigs born; weight of pigs at birth; total litter weight/sow; blood serum Ca and inorganic P of sows, and hair Ca and P from the sow. Pigs were weaned from 3 to 5 wk of age. Pig weaning data were not compared because of variations in weaning ages.
After weaning, sows were returned to the gestation building and bred, if possible, on the first estrus postweaning. Sows that failed to conceive or exhibit estrus were placed in the next sow group whereupon after three or four attempts they were culled. Sows continued to receive 1.82 kg daily of set A diets until about 5 wk before farrowing, at which time some of them were again placed on the balance trial.
Farrowing data were analyzed by leastsquares procedure using a mixed model for a nested design (Harvey, 1977) . The model was:
where Tij k is the observation for the jth sow in the ith treatments and at the k th parity. Sow effects were nested within treatments and parity effects were estimated after adjustment for sow effects. Treatment effects were tested with the between-sow mean square;-parity effects were tested with the error mean square.
Results and Discussion
Nitrogen, Ca and P Absorption and Retention. Daily diet intake, feces and urine output and composition of diet, feces and urine for parities and daily P levels are shown in table 2.
The daily N intake was about 2 g less (table  3) for the high P-fed sows, primarily due to the unplanned lower N content of the high P diet (2.45 vs 2.55%). Grams of fecal and urinary N did not differ significantly between the low and high P-fed sows, resulting in absorbed N being 2 g less for high P-fed sows. There were no significant differences in absorbed N as a percentage of intake, grams of retained N, retained N as a percentage of intake and as a percentage of absorbed N. About 88% of the N consumed was absorbed and about one-half of the absorbed N was retained with no effect of P level. Vipperman et al. (1974) found that for growing pigs N retention was affected more by dietary P than by dietary Ca level. In general, increases in urinary N and absorbed N over parity reflected slightly higher N intakes.
There was no apparent effect of dietary P level upon Ca absorption and retention for any of the criteria measured (table 4). The Ca intake was about .6 g less for high P-fed sows, which was due to a slightly lower analyzed Ca content of the high P diet in parities 1,4 and 5. Although not significant, there was a trend for sows in parities 4 and 5 to absorb and retain Ca less efficiently. Over parities, about 37% of the Ca consumed was absorbed with 94.5% of the absorbed Ca retained. In contrast, based upon calculations from balance data reported by Nimmo et al. (1981a) for gestating gilts 40 to 45 d after breeding, only 6.2% of a 13-g daily Ca intake was absorbed, with 85.2% of the absorbed being retained, and at a daily Ca intake of 19.5 g, 17% of the Ca was absorbed and 95.2% of the absorbed Ca was retained. The Ca:P ratio in the Nimmo et al. (1981a) study was 1.3:1 for both Ca-P treatments. In our study, the Ca:P ratio was about 1.5:1 for the low P diet (15.2:10.3, Ca:P) and 1:1 for the high P diet (14.6:14.0, Ca:P).
A larger amount of P in the feces and urine, and a larger amount of absorbed and retained P reflect a larger P intake (10.33 vs 13.97 g) and a slightly higher percentage of P absorbed (table 5). The low P-fed sows were more efficient in the retention of P when expressed as a percentage of intake (32.9 vs 28.6%) and as a percentage of the absorbed P (81.2 vs 63.7%). Similarly, Nimmo et al. (1981a) reported a slightly higher (nonsignificant) percentage of P absorbed (46.4 vs 48.6%) when a 15 g P intake was compared with a 10 g intake and, contrary to our findings, a slightly higher (nonsignificant) percentage of P retained as a percentage of intake (34.9 vs 36.2%) and of absorbed (72.2 vs 74.5%) P. In contrast to Ca absorption and retention coefficients, which were lower, the above P absorption and retention coefficients reported by Nimmo et al. (1981a) were similar to our values. With the exception of intake and fecal P, which increased slightly over parities, there were no significant effects of parity for any of the characteristics measured.
In lactation studies, Harmon et al. (1974 Harmon et al. ( , 1975 demonstrated that increased P levels (above the .33% P found in the corn and soybean meal portion of the diet) during lactation resulted in increased P absorption and retention. This increase is probably indicative of the higher availability of the P added in the dicalcium phosphate. Harmon et al. (1975) also found that higher levels of P (i.e., .65%) appeared necessary to reduce the lactation weight loss of the dam.
Results reported by Miller et al. (1964) stated that P retention, when expressed as a percentage of the absorbed, was significantly decreased in baby pigs fed low levels of P (below .50%), which disagrees with the findings in this study. However, when P levels were greater than .50%, Miller et al. (1962) reported no significant differences for P retention. Miller et al. (1964) also reported that P levels below .50% reduced Ca retention, whereas levels above .50% had no significant effect on Ca retention. In our study, P levels appeared to have little or no effect on Ca and N retention.
In contrast, Vipperman et al. (1974) , working with growing-finishing swine, reported that increasing Ca levels had a positive effect on P utilization. Morgan et al. (1969) noted that P retention was decreased as dietary Ca levels increased, disagreeing with the results reported by Vipperman et al. (1974) . Chapman et al. (1962) , Zimmerman et al. (1963) , Cromwell et al, (1970) and Vipperman et al. (1974) concluded that increased P utilization occurred on low P diets containing a low Ca level. Vipperman et al. (1974) suggested that most of the variation in P retention could be attributed to the variation occurring in urinary P excretion. In our study, sows on the low P diet excreted .75 g of P daily in the urine compared with 2.37 g for those fed the high P diet, but sows on the high P diet also excreted more P daily in the feces than when sows were fed the low P diet (7.79 vs 6.17 g). Nimmo et al. (1981a) reported 1.15 and 1.86 g urinary P, respectively, for Ca:P intakes of 13.0:10.0 and 19.5:15.0, whereas, fecal P values were 5.36 and 7.71 g. Vipperman et al. (1974) reported that urinary P excretion was practically nil in pigs fed low levels of P and much higher levels of Ca, creating a Ca:P ratio imbalance.
Farrowing Performance. With the exception of average total litter weight at birth that favored high P-fed sows, live, dead, mummies and total pigs at birth and average birth weight were not significantly different between P levels (table 6). However, with the exception of the first parity, all characteristics favored sows fed the higher P level. Similarly, Mahan and Fetter (1982) observed no significant effect of P level on farrowing characteristics, but the number of live and total pigs born and number of pigs weaned in their study also favored SOWS fed the higher (above NRC, 1979) two P levels. Nimmo et al. (1981a) also observed no significant effect of P level on farrowing characteristics, but farrowing characteristics and number weaned favored sows fed the lower (NRC, 1979) P level during gestation. In the five-parity study reported by Kornegay et al. (1973) , there was no evidence of a higher P intake (15 vs 11 g daily), with a 1:1 ratio of Ca:P, improving farrowing and weaning characteristics. Noonan and Danielson (1974) reported that the number of pigs/litter was not different between sows fed 9.8 and 19.4 g of P daily with a (..
,,,,4 v 1.2:1 ratio of Ca to P, but individual weaning weight and total litter weaned weight were heavier for sows fed the higher levels. Sows fed 19.3 g as compared with 13.3 g of P daily with a 1.3:1 ratio of Ca to P were reported by Handlin et al. (1976) to farrow and wean more pigs. With only a few sows, Forsyth et al. (1972) reported that reproductive performance between sows fed 7.3 and 18.2 g of P daily with a 1.25:1 ratio of Ca to P was not significantly different. Harmon et al. (1974 Harmon et al. ( , 1975 in a one reproductive-cycle study reported that, generally, farrowing and weaning performance was not improved when sows fed 5.6 and 6.0 g of P (all from plant sources) daily were fed higher levels of P; however, posterior paralysis was observed after a 6-to 8-wk lactation, but not after a 4-to 5-wk lactation. Zivkovic et al. (1971) , using only 10 sows/ treatment for one reproductive cycle, reported no effect on number of pigs farrowed, content of Ca and P in colostrum and milk and in the femur and 8th rib of offspring when ratios of 16:8, 10:10, 34:25 or 34:9 Ca:P daily were fed during gestation. Weight gain and feed efficiency of sows favored sows fed 10 g of P daily and body weight of pigs at 21 and 35 d favored pigs from sows fed 25 g of P daily. Monegue et al. (1980) reported that weaning weight favored sows fed higher P levels (.8:.4, .8:.5, .8:.6, percentage Ca:P) during lactation with no effect of gestation P level (.8:.4 or .8:.6, percentage Ca:P); however, other farrowing characteristics were not different. Note also that Ca:P ratio varied from 2:1 to 1.33:1.
These results, together with other reports, offer only a very weak suggestion that farrowing and weaning performance are improved by feeding Ca and P levels higher than currently suggested by NRC (1979) .
Serum and Hair Ca and P. Serum Ca and P levels were unaffected by feeding the high P level (table 6), which agrees with reports by Kornegay et al. (1973) and Mahan and Fetter (1982) . In finishing swine fed a higher level of Ca (1.4 vs .8%) with a constant level of P (.58%), the serum Ca level was increased (11.4 vs 10.6 g/dl; Hedges et al., 1976) . Mahan and Fetter (1982) reported that serum Ca and P during gestation did not differ by Ca:P level. Serum Ca level decreased (P<.05) from parity 1 to parity 3 and remained at the same level for parity 4 and 5. Serum P levels were similar across parities.
Hair Ca concentrations were higher (1,401 vs 928 ppm) for the high P-fed sows (1:1 Ca:P ratio) compared with sows fed the low P diets (1.5:1.0 Ca:P ratio). Somewhat in contrast, Hedges et al. (1976) compared 1.4 vs .8% Ca with .58% P using growing-finishing swine. The high dietary Ca level (wide Ca:P ratio of 2.3:1) resulted in a higher Ca content in hair (690 vs 454 ppm). Kornegay et al. (1981) reported inconsistent effects on the Ca content of hair when the Ca:P level varied from 75 to 125% P and 100 to 125% of NRC-recommended Ca levels with Ca:P ratiosof 1:1, 1.3:1 and 1.7:1.0. Contrary to results in this study in which hair P concentration was not different between dietary P levels (120 vs 122 ppm), Kornegay et al. (1981) reported that the P content of hair was higher (170 ppm) for pigs fed 125% P with 100 or 125% Ca than for pigs fed 100% Ca and P (150 ppm); but was not depressed when 75% P was fed with 100% Ca (162 ppm). Higher hair P levels (290 vs 223 ppm) were reported for finishing pigs fed 1.4 vs .8% dietary Ca with .58% P (Hedges et al., 1976) .
These results suggested that the Ca and P content of serum and hair are not responsive to dietary increases of Ca and P and would be a poor indicator of the Ca and P status of sows that were only marginally deficient.
Breeding Performance. Numbers of sows exposed, mated and noncycling were similar between P levels (table 7) . In some cases the number of sows farrowing favored sows fed the lower P level, but this difference probably was not due to P level fed. Over parities, four of the 101 sows mated that were fed the low P diet and four of the 97 sows mated that were fed the high P diet did not farrow. For sows fed the high P diet, three additional sows did not farrow for the following reasons: one sow died of pneumonia 10 d after breeding, one sow died with a vaginal prolapse 1 wk before farrowing and one sow was culled for unknown reasons.
Return to estrus after weaning was similar for sows fed the low or high P level. A total of 111 low P-fed and 109 high P-fed sows returned to estrus. Of that total, 71 of 111 and 73 of 109 returned to estrus within 10 d after weaning. Also, number of sows recorded as successfully mated were similar between P levels. The number of sows that died or that were culled, and the cause of death or culling appeared to be random.
In general, breeding performance appeared to be similar between sows fed the low and high P levels. In agreement, Mahan and Fetter (1982) reported that the percentage of sows farrowing did not differ between dietary Ca:P levels. However, to the contrary, Kornegay et al. (1973) reported that a greater number of sows fed a high Ca:P level completed five parities as compared with sows fed a low Ca:P level.
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